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(54) LAMINATED VARISTOR 

(57) Abstract 

PURPOSE: To provide a laminated varistor able to 
.prevent diversity of varistor voltage and electrostatic 
capacity while preventing a leakage current by improving 
a scattering property of an organic matter at the time 
of firing. 

CONSTITUTION: In the case where the outer electrodes 
4 are formed on both end faces 2a, 2b of a sintered body 
2 formed by laminating and integrally sintering 
semiconductor ceramic layers 5 and a plurality of inner 
electrodes 3 are buried in the sintered body 2 while one 
end face 3a of each inner electrode 3 is connected to an 
outer . electrode 4 in order ' to constitute a lamination 
type varistor 1, the inner electrodes 3 are formed in a 
comb shape consisting of three belt-shaped ' electrode 
parts 3b extending in parallel at prescribed intervals a. 
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(54) LAMINATED VARISTOR 
(57) Abstract : 

PURPOSE: To provide a laminated varistor able to prevent diversity of varistor 
voltage and electrostatic capacity while preventing a leakage current by 
improving a scattering property of an organic matter at the time of firing. 
CONSTITUTION: In the case where the outer electrodes 4 are formed on both end 
faces 2a, 2b of a sintered body 2 formed by laminating and integrally sintering 
semiconductor ceramic layers 5 and a plurality of inner electrodes 3 are buried 
in the sintered body 2 while one end face 3a of each inner electrode 3 is 
connected to an outer electrode 4 in order to constitute a lamination type 
varistor 1, the inner electrodes 3 are formed in a comb shape consisting of three 
belt-shaped electrode parts 3b extending in parallel at prescribed intervals a. 
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CLAIMS 



[Claitn(s) ] 

[Claim l]The laminating mold varistor characterized by to form the 
above-mentioned internal electrode in the shape of Kushigata in the laminating 
mold varistor which comes to connect only the end side of each of this internal 
electrode with the above-mentioned external electrode by turns on the flat 
surface which intersects perpendicularly in the thickness direction of a 
semi-conductor ceramic layer while carrying out the laminating of the 
semi-conductor ceramic layer, forming the external electrode in the both-ends 
side of the sintered compact which it really comes to sinter and laying two or 
more internal electrodes underground in the above-mentioned sintered compact. 

[Claim 2] The laminating mold varistor characterized by arranging the 
above-mentioned internal electrodes so that it may not overlap in the thickness 
direction of a ceramic layer in claim 1 while laying underground the 
connectionless internal electrode which is not connected to the above-mentioned 
external electrode at the semi-conductor ceramic layer between the 
above-mentioned internal electrodes. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the laminating mold varistor 
which functions as an electrical -potential-difference nonlinearity resistor, and 
it relates to the structure which enabled it to reduce the leakage current while 
it improves the dustability of the organic substance especially at the time of 
baking and can reduce dispersion in voltage at reference current and 
electrostatic capacity. 
[0002] 

[Description of the Prior Art] Generally , according to applied voltage, resistance 
is the resistor element which changes in nonlinear, for example, the varistor is 
used as a surge absorption component which prevents that an overvoltage joins an 
electronic circuitry. Moreover, in the field of electronic equipment, such as 
communication equipment, the miniaturization of electronic parts and integration 
are progressing and the demand of a miniaturization or low-battery- i zing is 
strong also in the varistor in recent years in connection with this. A laminating 
mold varistor as shown in drawing 6 and drawing 7 is one of things corresponding 
to such a demand conventionally (Japanese -Patent -Application-No . 1-302496 refer 
to number) . This laminating mold varistor 30 connects only end side 33a of each 
of this internal electrode 33 to the external electrodes 34 and 34 formed in the 
left of the above-mentioned sintered compact 32, and the right end sides 32a and 
32b, and is constituted while laying the internal electrodes 33 and 33 of a pair 
underground in the sintered compact 32 which comes to carry out the laminating of 
two or more semi-conductor ceramic layers 31. Moreover, into the ceramic layer 31 
between the above-mentioned internal electrodes 33, insertion arrangement of the 
connectionless internal electrodes 35 and 35 of a pair which are not connected to 
the above-mentioned external electrode 34 is carried out, and this connectionless 
internal electrode 35 is enclosed in the sintered compact 32. The above-mentioned 
laminating mold varistor 30 acquires electrical -potential-difference non-linear 
characteristics with the electric obstruction formed in an interface with the 
ceramic layer 31, an internal electrode 33, and the connectionless internal 
electrode 35. 
[0003] 
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[Problem(s) to be Solved by the Invention] By the way, as shown in drawing 7, 
after the above-mentioned laminating mold varistor 30 prints an Ag/Pd paste in 
the ceramic green sheet -like layer 31, forms an internal electrode 33 and the 
connectionless internal electrode 35 in it and carries out the laminating of this 
to it one by one, he really sinters it and is trying to form a sintered compact 
32. However, in the above-mentioned conventional laminating mold varistor 30, 
since an internal electrode 33 and the connectionless internal electrode 35 serve 
as a failure in case the organic substance, such as a binder, disperses from the 
ceramic layer 31 at the time of baking, the force joins the plane of composition 
of each electrodes 33 and 35 and the ceramic layer 31, and there is a possibility 
that electrodes 33 and 35 may exfoliate depending on the case. Consequently, in 
the part which this exfoliation produced, since electrical -potential -difference 
non- linear characteristics cannot be acquired, the problem that dispersion arises 
is in voltage at reference current or electrostatic capacity. Moreover, a 
mesh-like hole may arise in the internal electrode 33 after sintering, and the 
connectionless internal electrode 35 by contraction of the metal of an internal 
electrode 3 3 or the connectionless internal electrode 35, or evaporation of the 
organic substance at the time of the above-mentioned baking. Consequently, a 
semiconducting crystal grows through this hole, and in this crystal part, since 
electrical-potential-difference non-linear characteristics cannot be acquired, 
there is a problem that dispersion in voltage at reference current arises like 
****, or the leakage current arises. 

[0004] While this invention was made in order to solve the above-mentioned 
conventional trouble, and it improves the dustability of the organic substance at 
the time of baking etc., and avoiding metaled contraction and generating of the 
hole by evaporation of the organic substance and being able to reduce dispersion 
in voltage at reference current and electrostatic capacity, it aims at offering 
the laminating mold varistor which can reduce the leakage current . 

[0005] 

[Means for Solving the Problem] Then, while invention of claim 1 carries out the 
laminating of the semi-conductor ceramic layer, forms an external electrode in 
the both-ends side of the sintered compact which it really comes to sinter and 
laying two or more internal electrodes underground in the above-mentioned 
sintered compact In the laminating mold varistor which comes to connect only the 
end side of each of this internal electrode with the above-mentioned external 
electrode by turns, it is characterized by forming the above-mentioned internal 
electrode in the shape of Kushigata on the flat surface which intersects 
perpendicularly in the thickness direction of a semi-conductor ceramic layer. 
Moreover, invention of claim 2 is characterized by arranging these internal 
electrodes so that it may not overlap in the thickness direction of a ceramic 
layer while it forms the above-mentioned internal electrode in the shape of 
Kushigata in the laminating mold varistor which comes to lay under the 
semi-conductor ceramic layer between the above-mentioned internal electrodes the 
connectionless internal electrode which is not connected to the above-mentioned 
external electrode . 
[0006] 

[Function] Since the internal electrode was made into the shape of Kushigata 
according to the laminating mold varistor concerning invention of claim 1, since 
the organic substance which dispersed from the ceramic layer at the time of 
baking is emitted from the clearance between internal electrodes, it can improve 
dustability, and can prevent exfoliation of an internal electrode so much. 
Consequently, the electrical-potential-difference non-linear characteristics in 
the interface of an internal electrode and a ceramic layer can be secured, and 
dispersion in voltage at reference current or electrostatic capacity can be 
reduced. Moreover, since it was made according to invention of claim 2 for these 
internal electrodes not to overlap in the thickness direction when a 
connectionless internal electrode is arranged in the semi-conductor ceramic layer 
between internal electrodes while forming the internal electrode in the shape of 
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Kushigata, compared with the conventional structure, a lap can be lessened from 
only an internal electrode and a connectionless internal electrode lapping in the 
thickness direction. Therefore, the leakage current -can be reduced, while being 
able to reduce the hole by contraction of an internal electrode and a 
connectionless internal electrode, or evaporation of the organic substance, being 
able to reduce growth of the crystal which let the hole pass so much and being 
able to reduce dispersion in voltage at reference current also in this case. 

[0007] 

[Example] Hereafter, the example of this invention is explained about drawing. 
Drawing 1 thru/or drawing 3 are drawings for explaining the laminating mold 
varistor by one example of invention of claim 1. In drawing, 1 is the laminating 
mold varistor of this example, the external electrodes 4 and 4 are formed in the 
left of the above-mentioned sintered compact 2, right end side 2a, and 2b, and 
this is constituted while it lays the 1st internal electrode 3 and the 2nd 
internal electrode 3 underground in the rectangular parallelepiped-like sintered 
compact 2 . 

[0008] The above-mentioned sintered compact 2 carried out the laminating of two or 
more semi-conductor ceramic layers 5, really sintered this layered product, was 
formed, and acquires electrical -potential -difference non-linear characteristics 
by the interface of the 1st and 2nd internal electrode 3 of the above, and the 
ceramic layer 5 . 

[0009] Moreover, end side 3a of each above-mentioned internal electrode 3 is the 
left of the above-mentioned sintered compact 2, It is exposed to right end side 
2a and 2b by turns, and this end side 3a is electrically connected to the 
above-mentioned external electrode 4. Furthermore, parts other than end side 3a 
of the above-mentioned internal electrode 3 are located inside the 
above-mentioned ceramic layer 5, and, thereby, are laid underground in the 
sintered compact 2 . 

[0010] And the 1st and 2nd internal electrode 3 of the above consists of three 
band- like polar- zone 3b which opens the predetermined clearance a and is 
prolonged in parallel, and each of this polar-zone 3b has countered on both sides 
of the ceramic layer 5. Thereby, each above-mentioned internal electrode 3 has 
become Kushigata- like on the flat surface which intersects perpendicularly in the 
thickness direction of the ceramic layer 5 . 

[0011] Next, the manufacture approach of the laminating mold varistor 1 of this 
example is explained. First, ZnO (97.9mol %) It considers as a principal 
component. To this CoC03 (1.0 mol %) and MnC03 (0.5mol %) , Sb 203 (2.0mol %) and 
Bi 203 (O.Smol %) It is the glass powder which becomes the ceramic ingredient 
which it comes to mix by the above-mentioned mole ratio, respectively from B-2 
03, Si02, and PbO and ZnO 0.1 weight % In addition, it prepares and raw material 
powder is created. Furthermore, an organic binder is mixed into this raw material 
powder, and it is 10 micrometers in thickness by the reverse roller method. A 
ceramic green sheet is formed, this green sheet is -cut in the shape of a 
rectangle, and two or more semi-conductor ceramic layers 5 are formed. In 
addition, ten ceramic layers 5 located in the topmost part and the bottom become 
in piles about the above-mentioned green sheet, and the ceramic layer 5 of a 
center section consists of only one sheet. 

[0012] Next, an organic vehicle is mixed to the metal powder which consists of Pt, 
electrode paste is created, this electrode paste is printed on the top face of 
the above-mentioned ceramic layer 5, and the 1st and 2nd internal electrode 3 of 
the shape of Kushigata which consists of band- like polar- zone 3b by this is 
formed. In this case, only end side 3a of each internal electrode 3 is prolonged 
to the edge of the ceramic layer 5, and other peripheral edge sides are -formed so 
that it may be located inside. 

[0013] Subsequently, as shown in drawing 1, the above-mentioned ceramic layer 5 
and an internal electrode 3 lap by turns, and end side 3a of each internal 
electrode 3 is the left of the ceramic layer 5, A laminating is -carried out so 
that it may expose to a right end edge by turns, and they are 2 t/cm2 to the 
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thickness direction of this. A pressure is applied and stuck by pressure, a 
layered product is formed, and this layered product is cut in the magnitude of a 
predetermined dimension. 

[0014] Next, the above-mentioned layered product is calcinated at the temperature 
of 1050-1150 degrees C in air for 3 hours, and a sintered compact 2 is obtained. 
And left of this sintered compact 2, After applying the alloy paste which becomes 
right end side 2a and 2b from the weight ratio of Ag:Pd=7:3, it can be burned and 
the external electrode 4 is formed. Thereby, the laminating mold varistor 1 of 
this example is manufactured. 

[0015] 

[Table 1] 
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[0016] Table 1 shows the test result which checks the effectiveness of this 
example and which went to accumulate. This trial created the laminating mold 
varistor 1 by the manufacture approach explained by this example, and was 
performed by measuring the resistance when impressing the voltage -current 
property of this, electrostatic capacity, and 2V for 30 seconds. In addition, in 
order to compare, measurement with the internal electrode same also about the 
conventional rectangle -like laminating mold varistor was performed. In the case 
of a sample, 3valve flow coefficients of voltage at reference current 
conventionally so that clearly also from Table 1 8.5%, 3valve flow coefficients 
of electrostatic capacity become 10.2%, resistance has become 0.92 M omega, and 
dispersion has arisen in the property. On the other hand, in the case of this 
example sample, 3valve flow coefficients of voltage at reference current 1.0%, 
3valve flow coefficients of electrostatic capacity are 3.10%, and dispersion can 
be decreasing sharply. Moreover, it turns out that resistance is improving with 
1.20 M omega and the leakage current can be reduced. 

[0017] Drawing 4 and drawing 5 are drawings for explaining the laminating mold 
varistor by one example of invention of claim 2. The same sign as drawing 1 and 
drawing 2 shows the same or a considerable part among drawing. The laminating 
mold varistor 10 of this example comes to form the external electrode 4 in 
both-ends side 2a of the above-mentioned sintered compact 2, and 2b, and the 
fundamental structure of it is the same as that of the above-mentioned example 
and abbreviation while it lays the 1st and 2nd internal electrode 11 and 11 
underground in a sintered compact 2 . 

[0018] The connectionless internal electrode 12 is arranged in the ceramic layer 5 
between the 1st and 2nd internal electrode 11 of the above, and each end face of 
this connectionless internal electrode 12 is located inside the above-mentioned 
sintered compact 2. Thereby, the connectionless internal electrode 12 is enclosed 
in the sintered compact 2, without connecting with the external electrode 4 
electrically. 

[0019] And the 1st and 2nd internal electrode 11 of the above is formed in the 
shape of [ which consists of four band- like polar- zone lib which opens £he 
predetermined clearance a and is prolonged in parallel ] Kushigata. Moreover, 
each of this polar- zone lib is arranged so that it may not overlap in the 
thickness direction of the above-mentioned -ceramic layer 5. 
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[0020] Next, the manufacture approach of the laminating mold varistor 10 of this 
example is explained. It is fundamentally [ as the approach mentioned above ] the 
same, the manufacture approach of this example adds glass powder to the ceramic 
ingredient which uses ZnO as a principal component, and it creates raw material 
powder, and is 10 micrometers in thickness from this raw material powder. A 
ceramic green sheet is formed, this green sheet is cut in the shape of a 
rectangle, and many semi-conductor ceramic layers 5 are formed. 

[0021] Next, while printing electrode paste on the top face of each 
above-mentioned ceramic layer 5 and forming the Kushigata-like 1st and 2nd 
internal electrode 11 in it, the connectionless internal electrode 12 is formed. 
This connectionless internal electrode 12 is formed so that the perimeter side of 
this may be located inside the ceramic layer 5 . 

[0022] Subsequently, as shown in drawing 4, after carrying out the laminating of 
the above-mentioned ceramic layer 5 in piles one by one, it is stuck by pressure, 
a layered product is formed, and this layered product is cut in the magnitude of 
a predetermined dimension. Next, the above-mentioned layered product is 
calcinated at the temperature of 1050-1150 degrees C in air for 3 hours, and a 
sintered compact 2 is formed. Left of after an appropriate time and this sintered 
compact 2, It can be burned and the external electrode 4 is formed in right end 
side 2a and 2b. Thereby, the laminating mold varistor 10 of this example is 
manufactured. 

[0023] 

[Table 2] 









mmm 


V«bA 




5.80 


7.42 


3CVH 


9.5 


1.0 


I I 


I (MQ) 


1 .50 


2.10 


Cap 
(pP) 




2 3 0 


2 7 0 


3 CV% 


9.60 


2.50 



[0024] Table 2 shows the test result which checks the effectiveness of this 
example and which went to accumulate. This trial measured the resistance when 
impressing the voltage -current property of the laminating mold varistor 10 of 
this example, electrostatic capacity, and 4V for 30 seconds. In addition, the 
trial with the same said of the conventional laminating mold varistor in which an 
internal electrode is a rectangle-like in order to compare, and the 
connectionless internal electrode was arranged was performed. In the case of a 
sample, 3valve flow coefficients of voltage at reference current conventionally 
so that clearly also from Table 2 9.5%, 3valve flow coefficients of electrostatic 
capacity become 9.60%, resistance has become 1.50 M omega, and dispersion has 
arisen in the property. On the other hand, in the case of this example sample, 
3valve flow coefficients of voltage at reference current 1.0%, 3valve flow 
coefficients of electrostatic capacity are 2.50%, and dispersion can be 
decreasing sharply. Moreover, it turns out that resistance is improving with 2.10 
M omega and the leakage current can be reduced. 
[0025] 

[Effect of the Invention] According to the laminating mold varistor which starts 
invention of claim 1 as mentioned above, since the internal electrode was made 
into the shape of Kushigata, the dustability of the organic substance can be 
improved and there are voltage at reference current and effectiveness that 
dispersion in electrostatic capacity can be reduced. Moreover, while according -to 
claim 2 being able to reduce dispersion in voltage at reference current also in 
this case since the Kushigata-like internal electrode was made not to overlap in 

- 6 - 



JP -05-121207 A 



the thickness direction when arranging a connectionless internal electrode in the 
semi-conductor ceramic layer between internal electrodes, it is effective in the 
ability to reduce the leakage current. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

(Drawing lj It is a decomposition perspective view for explaining the laminating 
mold varistor by one example of invention of claim 1. 

[Drawing 2] It is the sectional view of the laminating mold varistor of the 
above-mentioned example. 

[Drawing 3] Perspective view ****** of the laminating mold varistor of the 
above-mentioned example. 

[Drawing 4] It is a decomposition perspective view for explaining the laminating 
mold varistor by one example of invention of claim 2 . 

[Drawing 5] It is the sectional view of the laminating mold varistor of the 
above -mentioned example. 

[Drawing 6] It is the sectional view showing the conventional laminating mold 
varistor . 

[Drawing 7] It is the decomposition perspective view showing the conventional 
laminating mold varistor. 
[Description of Notations] 

1 Ten Laminating mold varistor 

2 Sintered Compact 

3 11 Internal electrode 

3a The end side of an internal electrode 

4 External Electrode 

5 Ceramic Layer 

12 Connectionless Internal Electrode 
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[Drawing 1] 
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[Drawing 5] 
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[Drawing 7] 




- 9 - 



